The aim of this study was to evaluate the effects of dietary supplementation with different fish oils (rich in PUFA) vs. hydrogenated animal fat (SFA) on semen production and quality, fatty acid composition, and preservation properties in boars under controlled and commercial conditions. In Exp. 1 (in a research station), 44 boars, allocated to 4 dietary treatments, received daily 2.5 kg of basal diet with a supplement of 1) 62 g of hydrogenated animal fat (AF, n = 12); 2) 60 g of menhaden oil containing 18% docosahexanoic acid (DHA) and 15% eicosapentanoic acid (EPA; MO, n = 11); 3) 60 g of tuna oil containing 33% DHA and 6.5% EPA (TO, n = 11); and 4) 60 g of menhaden oil and 2 mg/kg of biotin (MO+B, n = 10). Biotin is a critical factor in the elongation of PUFA. Semen was collected according to 3 successive phases: phase 1 (twice per week for 4 wk); phase 2 (daily collection for 2 wk); and phase 3 (twice per week for 10 wk). Experiment 2 was conducted in commercial conditions; 222 boars were randomly allocated to AF, MO, and TO treatments. Semen was collected twice weekly over a 6-mo period. All diets were balanced to be iso-energetic and provided an equivalent of 989 mg of vitamin E per day. Classical measurements of sperm quantity and quality were done for both experiments. Experiment 1 showed, after 28 wk of supplementation, a massive transfer of n-3 PUFA into sperm from boars fed fish oil diets (MO and TO). No differences were observed among dietary treatments for libido (P > 0.30), sperm production (P > 0.20), or percentage of motile cell (P > 0.20). Unexpectedly, MO+B diet reduced the percentage of normal sperm compared with the other treatments (P < 0.03). In conclusion, although it modified the fatty acid composition of sperm, supplementation of boars with dietary fish oils, rich in long chain n-3 fatty acids, did not influence semen production or quality postejaculation.
INTRODUCTION
Since the 1980s, AI has become a current commercial practice in pig industry, especially for genetic improvement and control of sanitary conditions (Roca et al., 2006) . For swine AI, production of increased quality sperm is of primary importance (Waberski et al., 2008) . Mammalian sperm contain a particularly high proportion of long-chain PUFA with species-specific variability in fatty acid contents (Wathes et al., 2007) . Polyunsaturated fatty acids are thought to play a key role in the sperm membrane fluidity and susceptibility to lipid peroxidation (Stubbs and Smith, 1984; Aitken, 1995) . According to some authors (Nissen and Kreysel, 1983; Kelso et al., 1997; Cerolini et al., 2000a; Rooke et al., 2001; Blesbois et al., 2004) , correlations can be made between plasma membrane fluidity and male gamete fertility. Several studies have been conducted to evaluate the effect of dietary n-3 PUFA supplementation on semen variables. Studies with fowl (Surai et al., 2000; Blesbois et al., 2004) and with boars (Rooke et al., 2001; Mitre et al., 2004; Strzezek et al., 2004; Estienne et al., 2008) have indicated benefits of n-3 fatty acids on male reproductive capacity. Other studies in humans (Conquer et al., 2000) , turkeys (Zaniboni et al., 2006) , rabbits (Gliozzi et al., 2009) , and boars (Paulenz et al., 1995) , however, did not show any effect of n-3 PUFA supplementation on semen quality.
Due to these conflicting results, likely related to large variation in type and quantity of dietary fats especially for n-3 PUFA, additional research had to be conducted. Thus, the objective of the present study was to determine the effects of dietary supplementation of fish oils with different types of n-3 PUFA vs. a hydrogenated animal fat on fatty acid profile in blood plasma and spermatozoa, reproductive performance, and semen quality in boars. The impact of a biotin supplementation, a water-soluble vitamin implicated in gluconeogenesis and fatty acid synthesis, was also investigated.
MATERIALS AND METHODS
All animals were cared for according to the recommended code of practice of Agriculture Canada (1993) , and the procedure was approved by the local Animal Care Committee following the guidelines of the Canadian Council on Animal Care (1993) .
Two experiments were conducted for this study. Experiment 1 focused mainly on metabolic aspects and semen quality and was conducted at the Dairy and Swine R&D Center-Agriculture and Agri-food (Sherbrooke, Québec, Canada) . Experiment 2 took place in commercial conditions in the Centre d'insémination porcine du Québec (CIPQ Inc., St Lambert & Roxton Falls, Qué-bec, Canada).
Exp. 1: Metabolic Aspects and Semen Quality
Animals and Diets. Sixty-four Duroc boars were selected for this trial at 189.5 ± 2.9 (mean ± SEM) d of age and individually housed in pens on partial-slatted floors. The initial average BW was 133.7 ± 3.0 kg at initiation of treatments and 260.8 ± 2.9 kg at the end of the experiment. Boars were randomly assigned to treatments (16 boars/ group) according to their BW and age. The first group (animal fat, AF) was fed 62 g/d of AF (MSC, Dundee, IL) rich in hydrogenated SFA. The second group (menhaden oil, MO) was supplemented with 60 g/d of MO (Omega Protein Inc., Reedville, VA) containing 10.8 g of docosahexaenoic acid (DHA) and 9.0 g of eicosapentaenoic acid (EPA). The third group (tuna oil, TO) received 60 g/d of TO (Bluecina Corp., Calgary, Alberta, Canada) containing 19.8 g of DHA and 3.9 g of EPA. The fourth group (MO and biotin, MO+B) received 60 g/d of menhaden oil plus 2 mg/ kg of biotin (DSM Nutritional Products Inc., Parsippany, NJ). Fish oils were stabilized with an antioxidant (500 mg/kg of ethoxyquin, Sigma-Aldrich, St. Louis, MO). Throughout the entire 28-wk experimental period, boars were fed 2.5 kg/d of a basal diet (Table 1) top-dressed with 0.3 kg/d of the experimental premixes containing 79% of ground-corn and 20 to 21% of fat. All diets were balanced to be isoenergetic and provided an equivalent of 989 mg of vitamin E per day (DSM Nutritional Products).
Boars were trained to mount a collection dummy located in an isolated pen for semen collection by the gloved-hand technique (Almond et al., 1994 ) during a period of 12 wk. At the end of this period, the animals that did not mount were discarded; this culling rate did not differ among treatments (P > 0.1). A group of 44 boars was finally kept for the experiment (AF, n = 12; MO, n = 11; TO, n = 11; and MO+B, n = 10). Animals were collected at a regular frequency (twice weekly) for 4 wk, then subjected to an intensive collection regimen (daily collection for 2 wk), followed by a recovery period of 10 wk with a regular collection frequency of twice a week. Boar behavior as well as sperm production and quality were estimated for each ejaculate throughout the experiment. Libido was evaluated as described by Louis et al. (1994) . The time between entrance into the collection area and onset of ejaculation, the duration of ejaculation, and the number of false mountings were recorded. Semen volume was measured after straining the ejacu- late through sterile gauze into a prewarmed insulated container, kept at 37°C, to remove the gelatinous fraction. Sperm concentration was estimated using a spectrophotometer (Novaspec II, Pharmacia Biotech, Cambridge, UK) calibrated with a hemocytometer (Young et al., 1960) . Each semen sample was diluted to a final concentration of 3 × 10 9 spermatozoa per dose of 85 mL in a commercial extender (Bio'dil, Genes Diffusion, Douai, France). As routinely assessed in commercial boar studs, sperm quality was estimated from the percentages of motile cells and of morphologically normal cells as described by Audet et al. (2004) . Briefly, sperm motility was determined on a warmed sample (37°C) at a 400× magnification with an optical microscope, and sperm morphology was evaluated on slides stained with eosin-nigrosin.
Samples. Spermatozoa and seminal plasma samples from individual boars were taken on wk 12 (training period), wk 16 (phase 1; regular collection), wk 18 (phase 2; intensive collection), and wk 23 and 28 (phase 3; recovery collection) of the experiment. Semen was centrifuged at 1,800 × g for 20 min at 4°C. Aliquots of spermatozoa and seminal plasma were taken and frozen at −20°C for further analysis. Blood samples (6 mL) were also collected before and during the experiment by jugular venipuncture as described by Matte et al. (1986) . Samples were immediately centrifuged at 1,800 × g during 10 min at 4°C; plasma was divided into aliquots and stored at −20°C until analyses.
Lipid Analysis. The fatty acid composition of the diets (basal diet and supplemented fat), blood plasma, and spermatozoa were evaluated using gas chromatography according to a modified method (Castellano et al., 2010) adapted from Park and Goins (1994) .
Vitamin Measurements. Measurements of vitamin E (α-tocopherol) in blood plasma and spermatozoa were done by the HPLC method described by Audet et al. (2009) . The validation tests for the measurement of vitamin E in sperm showed intra-and interassay CV of 5.4 and 7.6%, respectively. Blood plasma concentration of biotin was determined by a commercial Elisa kit (VITH.96, MD Biosciences Inc., St. Paul, MN) according to the manufacturer's instructions. However, some modifications were required. Plasma blood samples from biotin-supplemented and unsupplemented boars were diluted 1:20 and 1:10, respectively, before assay. Validation tests for measurement of biotin in blood plasma showed satisfactory parallelism (CV of 8.9% between 191 and 644 ng/L) and recovery tests (mean of 103.3%) and intraassay CV of 2.8%. Seminal concentration of biotin was measured as described for blood plasma except that the sample preparation required concentration of seminal plasma (3-fold) by lyophilization. Validation assay showed satisfactory parallelism (CV of 9.4% between 204 and 518 ng/L) and recovery tests (mean of 97.5%) and intraassay CV of 4.5%.
Superoxide Dismutase Assay. Total superoxide dismutase (SOD) activity in spermatozoa was measured by colorimetric method using a commercial kit (Ransod, Randox Laboratories Ltd, Crumlin, UK) according to a procedure described by Cerolini et al. (2001) . Intra-and interassay CV were 8.5 and 7.5%, respectively.
Exp. 2: Semen Production in Commercial Conditions
A total of 222 boars, aged of 391.3 ± 4.4 d, were used for this trial in commercial conditions at the CIPQ Inc. (St Lambert and Roxton Falls, Québec, Canada) . Before the experiment, boars were assigned according to their age and previous sperm production performance to 1 of the 3 treatments. Animals were fed for 6 mo 2.5 kg/d of a basal diet top-dressed with 0.3 kg/d as described in Exp. 1. The first group (AF; n = 74) received 62 g of AF rich in hydrogenated SFA. The second group (MO; n = 74) was supplemented with 60 g of MO containing 10.8 g of DHA and 9.0 g of EPA. The third group (TO, n = 74) received 60 g of TO containing 19.8 g of DHA and 3.9 g of EPA. As for Exp. 1, the diets were calculated to be isoenergetic and provided an equivalent of 989 mg of vitamin E per day. Animals were collected twice weekly during 6 mo according to the procedure normally followed in AI centers (Almond et al., 1994) . Classical measurements of sperm production (semen volume and sperm concentration) were recorded. Blood samples (5 to 6 mL/boar) from 60 boars were taken during the experiment and processed as described in Exp. 1 for fatty acid analyses.
Statistical Analyses
From both experiments, data were analyzed using the MIXED procedure (SAS Institute Inc., Cary, NC; Littell et al., 1996) according to a completely randomized design with treatments (4 levels for Exp. 1: AF, MO, TO, and MO+B; 3 levels for Exp. 2: AF, MO, and TO) as the main factor. Each animal was considered as the experimental unit. For repeated measurements (blood and sperm samples), polynomial contrasts were used to evaluate the time effect. The following model was used: Y ij = μ + F i + e ij , where Y ij is the dependent variable, μ is the overall mean, F i is the treatment effect, and e ij is the residual error. A Tukey-Kramer correction was applied for all pairwise comparisons. Differences are considered significant at P < 0.05, and all results are expressed as adjusted means ± SEM.
RESULTS

Exp. 1: Metabolic Aspects and Semen Quality
Fatty Acid Composition. The fatty acid profiles of basal, AF, MO, and TO diets are reported in Table  2 . There was no difference (P > 0.1) in the profile of lipid profile in the blood plasma among animals before the start of treatments (Table 3) . Supplementation of different dietary fats for 28-wk modified plasma concentration of EPA (C20:5 n-3), DHA (C22:6 n-3), and arachidonic acid (ARA, C20:4 n-6). In boars fed fish oils (MO, TO, or MO+B), plasma EPA and DHA were respectively 33-and 3-fold greater (P < 0.01) than for AF boars, whereas ARA was 2-fold less (P < 0.01) in average for all fish oils treatments compared with AF. Other fatty acids (C16:0, C16:1n-7, C18:3n-3, C22:5n-3, C24:1n-9) were also modified by the dietary treatment. Compared with the AF diet, n-3/n-6 ratio was increased (P < 0.01) 4-fold in the MO, TO, and MO+B diets. Fatty acid analysis also indicates that dietary treatments modify the fatty acid composition of the sperm (Table 4) . As observed in blood plasma, fish oil diets modified the proportions of total n-3 PUFA and n-6 PUFA and the resulting n-3/n-6 ratio. The proportions of long chain n-3 PUFA (C22:5n-3 and C22:6 n-3) in spermatozoa were greater (P < 0.01) in fish oils (MO, TO, and MO+B) than in AF boars.
In contrast, percentages of long chain n-6 PUFA (C20:3n-6, C20:4n-6, C22:4n-6, and C22:5n-6) were slightly greater (P < 0.01) in AF than in animals fed fish oils (MO, TO, and MO+B). Regardless of diet fed, EPA was not detectable in sperm as it was in blood plasma. Finally, the n-3/n-6 ratio was also increased (P < 0.01) in MO, TO, and MO+B boars diets compared with AF.
Boar Libido. There was no effect of treatment at any period (P > 0.33) on male sexual behavioral characteristics. Regardless of the semen collection period (phases 1, 2, or 3), boars spent 250.7 ± 3.6 s (overall mean ± SEM) between entering the collection pen and the first attempt to mount, 263.8 ± 3.0 s for the duration of ejaculation, and had 1.71 ± 0.02 failed attempts to mount per collection.
Sperm Production. Throughout Exp. 1, sperm production was not affected by treatment (P > 0.48). During phase 1 (collection twice/week during 4 wk), the overall means ± SEM were 3.7 × 10 8 ± 0.1 sperm/ mL and 4.4 × 10 10 ± 0.1 sperm per ejaculate. For phase 2 (daily collection for 14 d), sperm number decreased from d 1 to 5 and remained stable thereafter. During the intensive period (phase 2), there were 2.0 × 10 8 ± 0.1 sperm/mL and 2.1 × 10 10 ± 0.1 sperm per ejaculate (means ± SEM). For phase 3 (collection twice/ week during 10 wk), there were 3.7 × 10 8 ± 0.1 sperm/ mL and 5.2 10 10 ± 0.1 sperm per ejaculate (means ± SEM).
Sperm Quality. During phase 1, semen quality did not differ according to treatments (P > 0.12; Table 5 ). There were 87.8 ± 0.6% of motile sperm and 92.5 ± 0.4% morphologically normal sperm (means ± SEM). During phases 2 and 3, the proportion of motile sperm remained unaffected (P > 0.67) by the diet. In contrast, sperm with percentage of normal morphology was approximately 3.4% greater (P = 0.028) in MO boars than MO + B boars for the intensive period (phase 2; 93.2 ± 0.8 vs. 90.0 ± 0.8%, respectively). Furthermore, during phase 3, this difference was more important because the percentage of normal sperm was greater (P = 0.004) in AF, MO, and TO boars than MO+B boars.
Semen SOD Activity. Sperm SOD antioxidant activity was measured repeatedly during the 3 collection phases. No difference was found according to di- Means within a row with different superscripts differ (P < 0.05).
1
Dietary treatment: AF (n = 12; MSC, Dundee, IL, distributed by JEFO Import Export Inc., St Hyacinthe, Québec, Canada), MO = menhaden oil (n = 11; Omega Protein Inc., Houston, TX), TO = tuna oil (n = 11; Bluecina Inc., Calgary, Alberta, Canada), and MO+B = MO + biotin (n = 10; DSM Nutritional Products Inc., Parsippany, NJ).
2 ND = not detected.
etary treatments over the experiment (P = 0.159; Table  6 ). The overall mean ± SEM was 12.23 ± 0.67 U/10 9 spermatozoa for SOD activity.
Vitamin Status. Blood plasma concentration of α-tocopherol increased (P < 0.01; Table 7 ) with the vitamin E supplementation from 1.59 ± 0.09 μg/mL before the initiation of the dietary treatments to 2.84 ± 0.05 μg/mL after supplementation; no treatment difference was observed. Blood biotin status was also modified by the diet (P < 0.01) and was 2-fold greater in the MO+B group (5.69 ± 0.26 μg/mL) than in the other groups (2.04 ± 0.07 μg/mL).
In sperm, vitamin E concentrations did not differ among dietary treatments (0.91 ± 0.04 μg/10 9 spermatozoa; P = 0.96). Seminal concentration of biotin was also not affected by dietary treatment (P = 0.20) and remained very low throughout the experiment (74.47 ± 6.31 pg/mL).
Exp. 2: Semen Production in Commercial Conditions
As for Exp. 1, supplementation of different dietary fats during 28 wk affected blood plasma fatty acids profile (Table 8) . Concentration of some PUFA (C18:1n-9, C18:2n-6, C20:5n-3, C22:6n-3, and C20:4n-6), as well as n-3/n-6 ratio, were modified by treatments. Semen production was not affected by dietary treatments (P > 0.3; Table 9 ). The overall mean ± SEM was 58.25 × 10 10 ± 0.25 × 10 10 total sperm.
DISCUSSION
In pigs, like many others mammals, spermatozoa contain increased proportions of n-3 PUFA (Poulos et al., 1973) . As has been previously discussed, PUFA play several roles in sperm function (Speake et al., 2003; Wathes et al., 2007) . Few studies have investigated the influence of dietary n-3 PUFA on boar reproductive performance. Some have reported beneficial effects of n-3 diet supplementation on sperm concentration (Penny et al., 2000; Strzezek et al., 2004; Estienne et al., 2008) and quality (Rooke et al., 2001; Mitre et al., 2004) . However, others, such as Paulenz et al. (1995) , did not report any effect of fish oil (rich in n-3 longchain PUFA) on boar fertility. Furthermore, according to studies with humans and animals (Mock et al., 1988; Proud et al., 1990; Watkins, 1990) , a biotin deficiency has a direct impact on elongation of fatty acids. The goal of the present study was to evaluate the impact of diet supplementation with different fish oils (divergent in terms of n-3 fatty acids composition) on boar sexual behavior and reproductive performance as well as fresh semen quality.
Fatty Acid Profile
In most species, fatty acid profiles in blood plasma and semen reflect the fatty acid intake. The same relationship applies also with the fatty acid profile of the Means within a row with different superscripts differ (P < 0.05). 1 Period: phase 1 (regular collection) = 2 times per week during 4 wk; phase 2 (intensive collection) = daily during 2 wk; phase 3 (recovery collection) = 2 times per week during 10 wk.
2 Dietary treatment: AF = animal hydrogenated fat (n = 12; MSC, Dundee, IL, distributed by JEFO Import Export Inc., St Hyacinthe, Québec, Canada), MO = menhaden oil (n = 11; Omega Protein Inc., Houston, TX), TO = tuna oil (n = 11; Bluecina Inc., Calgary, Alberta, Canada), and MO+B = MO + biotin (n = 10; DSM Nutritional Products Inc., Parsippany, NJ). Period: phase 1 = 2 times per week during 4 wk (regular collection); phase 2 = daily during 2 wk (intensive collection); phase 3 = 2 times per week during 10 wk (recovery collection).
sperm (Lands, 2005; Wathes et al., 2007) . For fish oil supplementation, total n-3 PUFA and n-3/n-6 ratio are enhanced in blood plasma of several species (Conquer et al., 2000; Rooke et al., 2001; Hudson and Wilson, 2003; O'Connor et al., 2007) . In the present study, proportions of DHA and EPA (n-3 PUFA) were slightly increased in all fish oil diets, whereas ARA concentrations (n-6 PUFA) decreased. Differences were also found between MO and TO boars for DHA:EPA ratio; although these 2 fish oils have different dietary DHA:EPA ratio, 1:1 and 5:1, for MO and TO, respectively, this was not reflected in plasma. As already observed (Castellano et al., 2010) , EPA concentration in blood plasma reflected the dietary intake of this fatty acid. The response of plasma DHA concentrations may indicate the presence of a saturable dose-dependent process to the fish oil supplementations.
As previously reported by Maldjian et al. (2003) and Strzezek et al. (2004) , the fatty acid composition of boar sperm indicates an effective transfer between diet and male germ cells. The addition of fish oils to the boar diet promotes n-3 biosynthesis, thereby increasing the n-3/n-6 ratio, as observed here. Furthermore, as Speake et al. (2003) previously suggested, the proportions of DHA (C22:6n-3) and DPA (C22:5n-6) in sperm are inversely related such that an increase in the proportion of DHA in sperm phospholipids is balanced by a decrease of DPA. Nonetheless, the lack of differences among the 2 fish oil treatments (MO and TO) used in Exp. 1 indicates that the same n-3 path- Table 8 . Fatty acid composition of blood plasma (analytical values in g/100 g of fatty acids; Exp. 2) before (initial) and after 6 mo of supplementation with hydrogenated animal fat (AF) and fish oils (MO and TO) Means within a row with different superscripts differ (P < 0.05). Means within a row with different superscripts differ (P < 0.05). 1 Dietary treatment: AF (n = 12; MSC, Dundee, IL, distributed by JEFO Import Export Inc., St Hyacinthe, Québec, Canada), MO = menhaden oil (n = 11; Omega Protein Inc., Houston, TX), TO = tuna oil (n = 11; Bluecina Inc., Calgary, Alberta, Canada), and MO+B = MO + biotin (n = 10; DSM Nutritional Products Inc., Parsippany, NJ).
2 All animals = means of all animals selected for the experiment. 3 ND = not determined.
way was stimulated whatever the fish oil and amount of dietary EPA. Polyunsaturated fatty acid biosynthesis proceeds by alternate desaturation-elongation reactions. In fact, desaturation reaction is more crucial for fatty acid metabolism than elongation (Bézard et al., 1994) . Contrary to what was hypothesized, the addition of biotin to MO did not modify the fatty acid profile. The DHA and EPA concentrations in blood plasma and sperm remained unchanged, which indicates that biotin supplementation had no impact on PUFA metabolism (elongation of PUFA). In fact, MO+B diet increased the proportion of biotin in the plasma, but did not modify its seminal concentration. Unlike other hydrosoluble vitamins that can be found in testis and in seminal plasma (Audet et al., 2004) , seminal concentration of biotin was very low, under 0.1 ng/mL, whatever the treatment. This may indicate a lack of biotin transfer from blood to seminal plasma and is in line with the lack of effect of MO+B treatment on fatty acids profile in sperm.
Boar Libido
In humans, some association was made between the increased content of brain n-3 PUFA, its biochemistry, and the possible role of n-3 in the regulation of the libido (Bourre, 2005) . In pigs, one recent study (Estienne et al., 2008) indicated that the duration of ejaculation was increased by feeding 300 g/d of a dietary supplement (containing 31% of undefined fatty acids). The type of n-3 fatty acids and their impact on male sexual behavior characteristics remains to be investigated.
Semen Production
Semen production from both Exp. 1 and 2 was not influenced by treatments. Although Paulenz et al. (1995) observed no benefits in reproductive performance, more recent studies in boar (Penny et al., 2000; Maldjian et al., 2003; Strzezek et al., 2004; Estienne et al., 2008) and others species (Surai et al., 2000; Harris et al., 2005) have reported a positive effect of a n-3 PUFA diet on sperm production. In several of these studies, the effect of n-3 PUFA supplementation was confounded with antioxidant supplementation, and it is unclear which of these dietary components contribute to the improvement of boar performance compared with the control treatment. Furthermore, evidence of the impact of antioxidants on sperm production in a variety of livestock was indeed reported (Marin-Guzman et al., 1997; Cerolini et al., 2000b; Audet et al., 2004; Castellini et al., 2007) . The present experimental design and diet formulations were planned to avoid any confounding effect due to other nutriments than fatty acid sources. During the intensive collection (phase 2) of Exp. 1 and whatever treatments, sperm production decreased progressively until a plateau after 5 d. This plateau corresponds to a complete depletion of the sperm reserves and is likely be a reliable estimation of the daily spermatogenesis as suggested by Audet et al. (2004) . The absence of treatment effect on this variable was in the line with the semen production response.
Semen Quality
In the present experiment, supplementation with fish oils had no effect on sperm motility. Sperm morphology, however, was affected by the dietary treatment. An explanation for the negative effect of the MO + B sperm morphology during phases 2 and 3 of Exp. 1 is not readily apparent. In fact, the differences observed between MO+B boars and the 3 other diets throughout the experiment could be interpreted as biotin toxicity. In fact, very few studies were made on the toxicity of an excessive intake of biotin during such long period (28 wk). Although, it was reported that excessive amounts of biotin negatively affect female fertility in rat (Báez-Saldaña et al., 2009) , there is no report of biotin toxicity even with intakes as high as 10 mg daily in humans, according to the NRC (1998). Furthermore, the fact that biotin concentration measured in semen remained very low in our experiment, regardless of treatment, is in the line of an absence of biotin toxicity.
Highly variable results were reported for the effect of dietary n-3 PUFA supplementation on boar semen quality. Some have observed positive effects on sperm motility and morphology (Penny et al., 2000; Rooke et al., 2001; Mitre et al., 2004) , whereas others reported no impact (Paulenz et al., 1995; Maldjian et al., 2005 ). An improvement of sperm viability was reported after supplementation with fish oil and antioxidants (Maldjian et al., 2003) . It was also demonstrated that a diet supplemented with vitamin E enhanced sperm quality (Brzezinska-Slebodzinska et al., 1995). Therefore, as for Dietary treatment: AF (n = 74; MSC, Dundee, IL, distributed by JEFO Import Export Inc., St Hyacinthe, Québec, Canada), MO = menhaden oil (n = 74; Omega Protein Inc., Houston, TX), and TO = tuna oil (n = 74; Bluecina Inc., Calgary, Alberta, Canada).
semen production, it is unclear which component improves sperm quality. Further studies using additional techniques (flow cytometry) and additional measurements on sperm viability, acrosome and DNA integrity, as well as lipid peroxidation, are in progress in our laboratories to investigate sperm quality in relation to storage (fresh and frozen semen).
Antioxidant Sperm Activity
The increased PUFA content of sperm make them highly susceptible to lipid peroxidation, resulting in impaired function (Aitken, 1995) . Lipid peroxidation is inhibited by several antioxidant factors, enzymatic (SOD, glutathione peroxidase) and nonenzymatic (α-tocopherol retinol and ascorbic acid).
Even if SOD is the primary enzymatic defense against lipid peroxidation, its activity measured in the current experiment was low and did not differ from previous reports with pig sperm (Strzezek, 2002) . However, in contrast to Strzezek et al. (2004) , fish oil diets in our study did not increase the SOD activity in sperm. In the present experiment, α-tocopherol supplementation was 4-fold greater than in the study of Strzezek (2002) . The lack of treatment effects on SOD activity in spermatozoa is consistent with the report of Chaudière and Ferrari-Iliou (1999) , who described vitamin E as the most efficient antioxidant in cell membranes. Furthermore, as it was observed in our laboratories (C.-A. Castellano, I. Audet, J.-P. Laforest, and J. J. Matte, unpublished data) and reported by several others (Strzezek et al., 1999; Strzezek, 2002; Kowalowka et al., 2008) , enzymatic antioxidant activity is predominantly associated to the seminal plasma and, compared with others species, is very weak in boars. Concerning vitamin E, a comparison of its concentrations in blood plasma and sperm suggests an effective transfer of this vitamin from the bloodstream to the spermatozoa. The lack of treatment effect in the present study (Exp. 1) is consistent with the expectation that α-tocopherol supplementation would prevent the oxidative damage induced by large amounts of PUFA in the diets.
In conclusion, this study is the first to have investigated the impact of a long-term (28 wk) dietary supplementation of n-3 fatty acids (fish oils) on male adult pig reproductive performance. Despite the massive transfer of PUFA in boar sperm, fish oils did not influence fresh semen production or quality.
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